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P7853SE 

Vridmomentbegransande kopplingsanordning 

Uppfinningen avser en vridmomentbegransande kopplingsanordning 
5 av den art som anges i kravets 1 ingress. 

En kopplingsanordning av den aktuella arten avslojas i WO 90/ 
00231. Den kanda anordningen fungerar allmant val. Anordningar 
av denna typ anvandes ofta i stalvalsverk mellan en drivmotor, 
10 exempelvis en elmotor och en vals. Den overforda effekten kan 

vara exempelvis 20 000 kW. Kostnaden for stillestand i ett sa- 
dant valsverk kan ligga i storleksordningen upp till 100 000 
SEK/tim. 

15 Vid aktuella anvandningsomraden utloses anordningen med en re- 

lativt lag frekvens, exempelvis i omradet fran en gang vart 
femte ar till 300 per ar. En typisk utlosningsf rekvens ar 20 
ganger per ar. 

20 Kopplingsanordningen innefattar i grunden tva axiella vasentli- 

gen cylindriska samverkansytor pa tva samverkande delar i for- 
men av en cylindrisk hylsa resp. ett cylindriskt skaft, varvid 
hylsan star i vridmomentoverf orande f riktionsingrepp med skaf- 
tet for overforing av vridmoment upp till svarande grans, var- 

25 efter hylsan borjar glida relativt skaftet. Friktionsingreppet 

kan installas pa en valbar niva med nagon lamplig teknik. Exem- 
pelvis kan hylsan innehalla en koncentrisk ringkammare som kan 
trycksattas. I kopplingsanordningen finns en eller flera pum- 
par, som ar anordnade att pumpa en vatska fran forradet till 

30 spalten mellan samverkansytorna sa att vatskan tillsammans med 

samverkansytorna bildar ett hydrostatiskt lager. Pumparna ar 
anordnade att drivas av en relativ rotation mellan de namnda 
delarna. Tack vare inpumpningen av vatskan mellan samverkans- 
ytorna kan dessa glida inbordes omedelbart efter det att det 

35 installda vridmomentet overs kridits . Harigenom kan man undvika 

skador vid kopplingsanordningen och vid motorn eller valsver- 
ket. En vridmomentbegransande kopplingsanordning av den kanda 
arten behover bara ha knappt ett rotat ionsvarv for att overga 
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till ett hydrostatiskt lager for vilket vridmomentet reduceras 
till nara noll-niva. 

Efter utlosning maste drivningen helt stoppas. Darefter slutar 
kopplingsanordningens pumpar att pumpa in vatska (olja) mellan 
samverkansytorna. Vatskan ges da mojlighet att draneras via ka- 
naler varpa f riktionsgreppet mellan samverkansytorna aterupp- 
rattas inom ca 1 minut. Vridmomentgransen kan valjas inom ett 
brett omrade, och kan installas med en hog noggranhet, exempel- 
vis ± 10% fran onskat varde. Kopplingsanordningen har vidare 
kompakta dimensioner . 

Ett problem vid den kanda anordningen ar att den innehallna 
vatskan/oljan helt eller delvis kan lacka bort innan anordning- 
en utloses, att oljans egenskaper andras med tiden, att oljan 
kan fororenas av partiklar som exempelvis kan bildas i samband 
med en utlosning och som satter igen ventiler, silar och stor 
anordningens funktion, osv. 

Det finns darfor en viss risk for att den kanda anordningen 
felfungerar vid utlosning. En sadan felfunktion skulle da inne- 
bara att samverkansytorna inte separeras tillrackligt och att 
otillracklig oljemangd pressas in i mellan samverkansytorna. 
Felfunktionen kan da medfora att mycket hoga moment trots allt 
overfores via anordningen sa att exempelvis motorn och driven 
utrustning skadas, och aven sa att sjalva kopplingsanordningen 
skadas allvarligt. Speciellt med hansyn till konsekvensen av en 
sadan felfunktion (jamfor stillestandskostnaden) har den aktu- 
ella typen av anordningen inte fatt sarskilt stor anvandning i 
praktiken, trots egenskapen att den vid normal utlosning medger 
snabb och automatisk aterstallning och darigenom snabb aterupp- 
tagning av anlaggningen-s drift efter undanrojande av orsaken 
till utlosningen. 

Uppfinningen har till andamal att anvisa en vidareutveckling av 
anordningen, for att begransa effekten av en felfunktion hos 
anordningen, och salunda begransa erforderlig avstallningstid 
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for anlaggningen for iterstallning av anordningen efter fel- 
funktion vicl utlosning pa grund av exempelvis otillracklig ol- 
j einpumpning mellan anordningens samver kansytor . 

5 Andamalet uppnas med en anordning enligt patentkravet 1. 

Utf oringsf ormer av anordningen anges i de bilagda os j alvstandi- 
ga patent kraven . 

10 Medan den konventionella anordningens samver kansytor bestar av 

lattlegerat kolstal som ar nitrerhardat till ett djup av ca 0,3 
mm och har en hardhet av ca 700 Vickers, anvisas nu enligt upp- 
finningen att den ena av delarna bar ett ytskikt som definierar 
den ena av samverkansytorna och som bestar av ett material med 

15 vasentligt lagre plasticeringsgrans an den andra delens samver- 

kansyta. Ytskiktet kan ha en tjocklek av nagra millimeter, exem- 
pelvis 5 mm och kan sasom ett exempel besta av en tenn-koppar- 
legering av typen tombak, dvs exempelvis 90% Cu, 10% Sn, 1% Pb. 
En sadan legering har en strackgrans av ca 100 N/m 2 . Ytskiktet 

20 kan vidare ha kaviteter i formen av spar pa sin fria yta . Dessa 

spar kan da bilda vatskef ordelningskanaler for lagerf unktionen . 
Som ett annat alternativ kan ytskiktets kaviteter innehalla 
andra urtagningar eller haligheter. Syftet med dessa kaviteter 
i ytskiktet ar att sakerstalla att ytskiktets material, exem- 

25 pelvis vid smaltning ha en volym som ar mindre an det utrymme 

mellan hylsan och skaftet som ytskiktet ursprungligen upptog. 
Pa grund av att plast icer ingen syftar till att eliminera kraft- 
overforingen mellan hylsan och skaftet, bor kaviteterna i yt- 
skiktet dimensioneras for att ta hansyn till att hylsans inner- 

30 diameter minskar da den avlastas och att skaftets ytterdiameter 

okar da skaftet avlastas, sa att det tillgangliga utrymmet for 
ytskiktet minskar. Skiktets material skall alltsa f oretradesvis 
ha en nettovolym som ar "mindre an volymen for utrymmet mellan 
hylsan och skaftet efter eliminering av den radiella forspan- 

35 ningen dem emellan, och aven med hansyn till temperaturf orhal- 

landena vid ytskiktets plasticering eller smaltning (dvs mot- 
svarande volymavvikelser for ytskiktet, hylsan och skaftet) sa 
att hylsan i princip skulle kunna rotera fri fran kontakt med 
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det plasticerade ytskiktet efter en relativ rotation mellan 
hylsan och skaftet. Harigenom minskas risken for att ytskiktets 
material tillfors sadan energimangd att det overgar i smalt fas 
vid en relativ rotation mellan kopplingsanordningens bada hu- 
5 vuddelar. 

Plasticeringen av ytskiktet medfor en successiv sankning av 
ytskiktsmaterialets flytgrans. Tack vare det namnda ytskiktet 
kan det overforda vridmomentet begransas i fallet att den hyd- 

10 rostatiska lagringsf unkt ionen inte kan uppratthallas . Kraft- 

overforingen mellan kopplingsanordningens ingaende axel och 
utaxel kan overvakas och brytas med hjalp av yttre medel, exem- 
pelvis genom detektering av eventuell hastighetsskillnad mellan 
kopplingens in- och utgaende del, for begransning av den rela- 

15 tiva rotationen mellan delarna. 

Tack vare uppfinningen forhindras skador bade i driven utrust- 
ning och i drivande utrustning, och begransas aven skador i den 
vridmomentbegransande anordningen . 

20 

Kopplingen kan enkelt renoveras efter en plasticering/smaltning 
av ytskiktet, genom en uppvarmning av ytskiktet och den del 
(skaftet) pa vilken ytskiktet ar buren. Genom att ytskiktets 
material (tombak) har hogre varmeutvidgningskoef f icient , kommer 

25 skiktet att slappa fran delens (skaftets) bas och enkelt dras 

av fran skaftet. Ett ersattningsytskikt i formen av en tombak- 
hylsa kan enkelt skjutas in i/6ver den if ragavarande delen (10, 
20) och fastas vid denna genom exempelvis ett limforband som 
destrueras vid renoveringsuppvarmningen eller i samband med 

30 ytskiktets plasticering . 

Uppfinningen kommer i det foljande att beskrives i exempelform 
med hanvisning till den bilagda ritningen. 

35 Fig 1 visar schematiskt en axialsektion som en vridmoment- 

begransande kopplingsanordning . 
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Anordningen enligt fig 1 ar i grunden baserad pa anordningen 
enligt WO 90/00231, vars lardomar harmed inkorporeras hari. 

Kopplingen innefattar i grunden en cylindrisk axeltapp 10 och 
5 en tappen/skaf tet 10 omslutande hylsa 20, varvid skaftet 10 och 

hylsan 20 har f lansanslutningar 11 resp. 21 for inkoppling i 
ett drivningssystem, exempelvis en stor elmotor och en vals 
tillhbrande ett stalvalsverk. Hylsan 20 har en inneryta 22 som 
samverkar med en ytteryta 12 pa skaftet 10. I hylsans vagg 

10 finns en ol j ekammare A som kan trycksattas genom inpumpning av 

olja med ett tryck, exempelvis i omradet 0-50 mPa, for fram- 
bringning av ett f riktionsgrepp i gransen B mellan samverkan- 
sytorna 12, 22. Friktionsgreppet och det maximalt overforbara 
vridmomentet bestammes av oljetrycket i kammaren A. Efter in- 

15 pumpning av olja till kammaren A via en f yllningskanal stangs 

en (icke visad) ventil i kanalen (ej visad) . 

I den cylindriska delen 20 finns ett nav 30 som ar rotations- 
lagrat koaxiellt till delen 20. Navet 30 bar pa sin utsida ett 

20 lager 5 excentriskt till navets 30 axel. Ett antal oljepumpar 3 

arbetar radiellt mellan lagret 5 och en inneryta av delen 5. 
Pumparna har tillhorande kanaler 4 for pumpning av olja till 
gransytan B, exempelvis till dess langdmittomrade. Oljan spri- 
der sig langs gransytan och kan exempelvis samlas upp via en 

25 kanal 41 vid gransytans B ena ande for aterforing till pumput- 

rymmet. En oljemangd kan finnas innestangd i pumputrymmet for 
att direkt sugas av respektive pump och tryckas ut till gransy- 
tan B vid en relativ rotation mellan delarna 10, 20. Vid sadan 
relativ rotation kommer pumparna 5 att sattas i arbete tack va- 

30 re excentriciteten for navets 30 ytteryta (lagrets 5 excentris- 

ka lage relativt delarna 10, 20) . Tappens 10 med hylsan 20 sam- 
verkande del har ett ytskikt 50 av tombak (90% Cu, 10% Sn, 1% 
Pb) . Skiktet 50 har spar 51 pa sin fria huvudyta. Sparen 51 kan 
aven utnyttjas som ol j ef ordelningsspar for olja fran pumparna 

35 3. oljan fran pumpen 3 pumpas via kanalen 40 till gransytans B 

langdmittomrade och strommar darifran axiellt till gransytans B 
bada andar, sasom visas med pilarna. Ett oljeflode overfores 
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direkt till pumpkammaren, utan att ol j edelf lode uppsamlas via 
ledningen 41, som stracker sig tillbaka till ol j epumpkammaren . 

Mellan skaftet 10 och hylsan 20 finns ett utrymme som ar helt 
5 fyllt av skiktet 50, med undantag for skiktets 50 spar 51. Spa- 

ren 51 tjanar aven till att emotta delar av skiktet 50 som 
plasticeras vid relativ rotation mellan delarna 10, 20. Delens 
20 yta 22 bestar av stal och samverkar med skiktets 50 tombak- 
yta. Tombakskiktet 50 formar vid normala vridmoment overfora 

10 vridmomentet . Men da vridmomentlasten overstiger det forin- 

stallda vardet kommer stalytan 22 att borja glida relativt tom- 
bakskiktet 50. Friktionsvarmet och/eller relativrorelsen medfor 
att skiktet 50 snabbt deformeras genom plasticering eller 
smaltning. Tack vare sparen 51 kan skiktets 50 materialyta for- 

15 skjutas radiellt i riktning bort fran ytan 22. Skiktets netto- 

volym bor lampligen fa plats i utrymmet mellan hylsan och skaf- 
tet efter det att dessa har avlastats radiellt, och med hansyn 
till det deformerade ytskiktets tillstand och temperatur. Hari- 
genom minskas risken for att materialet 50 tillfors sadan ener- 

20 gimangd att det overgar i smalt fas. Plasticeringen medfor en 

successiv sankning av materialets flytgrans. Materialet 50 gar 
vanligen inte over i smalt fas. Tack vare plasticeringen av ma- 
terialet 50 och dess deplacering begransas ef f ektoverf oringen 
mellan delarna 10, 20 om pumparna 3 inte formar pumpa in olja i 

25 gransytan B. 

Friktionsingreppet mellan skaftet och hylsan kan givetvis etab- 
leras med andra medel an den i fig 1 illustrerade trycksatt- 
ningen av hydraulkammaren A. Exempelvis kan hylsan och skaftet 

30 vara koniska och kan de axiellt drivas samman for uppnaende av 

ett valt f riktionsgrepp, dvs en vald bvre momentoverf orings- 
grans. Om hylsan och skaftet har i forvag valda dimensioner for 
ett visst f riktionsingrepp, kan ingreppet astadkommas genom 
s.k. varmekrympning eller genom att hylsan papressas pa skaf- 

35 tet. Nar friktionsingreppet elimineras, dvs da den radiella 

forspanningen mellan skaftet och hylsan undanrojes, kommer 
skaftets ytterdiameter att oka och hylsans innerdiameter att 
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minska. Ytskiktet bor darfor vara dimensionerat sa att dess 
nettovolym heist med viss marginal far plats i utrymmet mellan 
hylsan och skaftet nar f riktionsf orbandet har eliminerats, dvs 
nar hylsan och skaftet har radiellt avlastats. Genom att for 
5 ytskiktet 50 valja ett material med en relativt lag plastice- 

ringsgrans, kan man salunda uppna att en begynnande rotation 
mellan delarna 10, 20 i franvaro av en oljehinna mellan dem kan 
utlosas vid en relativt lag vridmomentgrans, som dock ligger 
over den vridmomentgrans vilken etableras av f riktionsingreppet 

10 mellan delarna 10, 20, tack vare den begynnande plasticeringen 

av ytskiktets material. Materialet 50 kan pa satt och vis sagas 
bilda ett glidmedel i gransytan mellan skaftet och hylsan. Ge- 
nom att sakerstalla att ytskiktet far plats i den resulterande 
spalten mellan hylsan och skaftet efter deras radiella avlast- 

15 ning, minimeras overforingen av energi till skiktets 50 materi- 

al och minskas energioverf oringen mellan skaftet och hylsan. 

For att ytskiktet a ena sidan initialt skall kunna overfora 
energi mellan de bada delarna och a andra sidan kollapsa och 
20 inta ett tillstand med avsevart mindre radiell tjocklek, kan 

ytskiktet forutom de funktionella sparen pa sin fria yta aven 
innehalla andra urtagningar eller haligheter, exempelvis porer 
eller dylikt, i sitt initiala tillstand. 



i 
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Patontkrav 

1. Vridmomentbegransande kopplingsanordning, innefattande 
5 tva koaxiella vasentligen cylindriska samver kansytor (12, 22) pa 

tva samverkande delar (10, 20) i formen av en cylindrisk hylsa 
(20) respektive ett cylindriskt skaft (10), varvid hylsan star 
i ett f riktionsingrepp med skaftet for overforing av vridmoment 
upp till en mot f rikt ionsingreppet motsvarande grans, vid vil- 

10 ken hylsan borjar rotera relativt skaftet, och atminstone en 

pumpanordning (3) som ar anordnad att vid relativ rotation mel- 
lan hylsan och skaftet drivas for pumpning av en vatska fran 
ett forrad till en spalt (B) mellan samverkansytorna (12, 22), 
varvid medel (41) ar tillhandahallna for att bortleda vatskan 

15 fran spalten (B) for aterstallning av f riktionsingreppet efter 

ett overs kridande av vridmomentgransen, kannetecknad av att den 
ena delen (10) innefattar en bas med ett ytskikt (50) vilket 
definierar den ena (12) av. samverkansytorna och vilket bestar 
av ett material med vasentligt lagre plasticeringsgrans an ma- 

20 terialet i den andra delens (20) samverkansyta (22) . 

2. Anordning enligt krav 1, kannetecknad av att ytskiktet 
(50) har kaviteter (51) for att vid plasticering kunna fjarmas 
fran den andra delens samverkansyta (22) . 

25 

3. Anordning enligt krav 2, kannetecknad av att kaviteter- 
na bestar av spar (50) som ar riktade runt omkretsen och som ar 
belagna pa ytskiktets samverkansyta. 

30 4. Anordning enligt nagot av kraven 1-3, kannetecknad av 

att ytskiktet (50) bestar av tombak och att den andra delens 
samverkansyta bestar av- stal. 

5. Anordning enligt nagot av kraven 1-4, kannetecknad av 

35 att delarna (10, 20) ar inbordes radiellt forspanda for etable- 

ring av det namnda f r i ktionsingreppet . 
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6. Anordning enligt n£got av kraven 1-5, kannetecknad av 

att ytskiktet (50) har Jcaviteter for att medge ytskiktet att 
inta en radiell tjocklek som ar mindre an det radiella avstan- 
det mellan basens yta och den andra delens (20) samver kansyta 
(22) efter en plasticering och/eller smaltning av ytskiktet 
(50) och en radiell avlastning av delarna (10, 20) . 

7. Anordning enligt nagot av kraven 1-6, kannetecknad av 

att ytskiktet bestar av ett material med hogre varmeutvidg- 
ningskoef f icient an basens varmeutvidgningskoeff icient . 
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Sammandrag 

En vridmomentbegransande kopplingsanordning innefattar tva ko- 
5 axiella vasentligen cylindriska samver kansytor (12, 22) pa tva 

samverkande delar (10, 20) i formen av en cylindrisk hylsa (20) 
respektive ett cylindriskt skaft (10), varvid hylsan och skaf- 
tet star i radiellt forspant f riktionsingrepp for overforing av 
vridmoment upp till den mot den radiella f orspanningen svarande 

10 momentgrans, vid vilken hylsan borjar rotera relativt skaftet, 

och varvid anordningen innefattar atminstone en pumpanordning 
(3) som ar anordnad att vid relativ rotation mellan hylsan och 
skaftet drivas for pumpning av en vatska fran ett forrad till 
en spalt (B) mellan samverkansytorna (12, 22), varvid medel ar 

15 tillhandahallna for att bortleda vatskan fran spalten (B) for 

aterstallning av f riktionsingreppet efter en intraffad relativ 
rotation mellan delarna. Den ena delen (10) har en bas som ar 
forsedd med ett ytskikt (50) vilket definierar den ena (12) av 
samverkansytorna och som bestar av ett material, exempelvis 

20 tombak, med vasentligt lagre plasticeringsgrans an materialet i 

den andra delens (20) samverkansyta . Ytskiktet (50) har kavite- 
ter sa att det efter plasticering kan inta en mindre radiell 
tjocklek for att medge radiell avlastning av delarna (10, 2o). 

25 
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radial thickness after plasticization to enable the parts (10, 20) to be relieved of radial load 



(57) Abstract: A torque-limiting coupling 
device comprises two coaxial, essentially 
cylindrical co-acting surface (12, 22) on 
two co-acting parts (10, 20) in the form of a 
cylindrical sleeve (20) and a cylindrical shaft 
(10) respectively. The sleeve and the shaft are 
in radially tensioned frictional engagement for 
transferring torque up to a torque limit that 
corresponds to the radial tension and at which 
the sleeve begins to rotate relative to the shaft. 
The device also includes at least one pump 
means (3) which is adapted to be driven to 
pump liquid from a liquid store to a gap (B) 
between the co- acting surfaces (12, 22) upon 
relative rotation between the sleeve and the 
shaft. Means (8) are provided for leading liquid 
away from the gap (8) so as to re-establish said 
frictional grip subsequent to the occurrence of 
relative rotation between said parts. One part 
(10) has a base which includes a surface layer 
(50) that defines one (12) of the co-acting 
surfaces and that is comprised of a material, e.g. 
tombak, whose plasticizing limit is considerably 
lower than the plasticizing limit of the material 
in the co-acting surface of the other part (20). 
The surface layer (50) includes cavities which 
enable the surface layer (50) to take a smaller 
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A TORQUE-LIMITING COUPLING DEVICE 

The present invention relates to a torque-limiting coupling device of the kind defined in the 
preamble of Claim 1. 

A coupling device of the kind in question is disclosed in WO 90/0023 1 . This known device 
generally functions well. Devices of this kind are often used in steel rolling mills between a 
drive motor, for instance an electric motor, and a roll. The power transferred may be in the 
order of 20,000 kW. Idling costs in respect of such a rolling mill may lie in the order of up 
to 100,000 SEK/hour. 

In the case of the areas of use concerned, the device is triggered with a relatively low 
frequency, for instance a frequency in the region of once every five years to 300 annually. 
A typical activating frequency is twenty times per annum. 

Basically, the coupling device comprises two axially, generally cylindrical interacting 
surfaces on two interacting parts in the form of a cylindrical sleeve and a cylindrical shaft 
respectively, wherein the sleeve is in a torque-transmitting frictional contact with the shaft 
for transmission of torque up to a corresponding limit, after which the sleeve begins to 
slide or slip relative to the shaft. The frictional engagement can be adjusted to a selective 
level with the aid of some suitable technique. For instance, the sleeve may include a 
concentric ring-chamber that can be placed under pressure. The coupling device includes 
one or more pumps that function to pump liquid from a liquid store to the gap between the 
interacting surfaces, such that the liquid will form a hydrostatic layer together with said 
interacting surfaces. The pumps are intended to be driven by relative rotation between said 
parts. As a result of pumping liquid in between the mutually co-acting surfaces, said 
surfaces are able to slide relative to one another immediately the set torque is exceeded. 
This enables damage to the coupling device and to the motor or rolling mill to be avoided. 
A torque-limiting coupling device of this known kind need only rotate through barely one 
revolution in order to generate an hydrostatic layer for which the torque is reduced to a 
level close to zero. 

When the device is triggered, it is necessary to stop the drive completely. The pumps in 
the coupling device will then stop pumping liquid (oil) in between the mutually interacting 



WO 01/31219 PCT/SE00/02101 

surfaces. This enables the liquid to drain away through channels, wherewith the factional 
engagement between said mutually interacting surfaces is re-established within the space 
of about 1 minute. The torque limit can be chosen within a wide range, and can be set with 
a high degree of accuracy, for instance ± 10% from a desired value. The coupling device 
also has compact dimensions. 

Problems associated with this known device reside in the possibility of all or part of the 
liquid/oil contained in the device leaking away before the device is triggered, or caused by 
a change in the properties of the oil with time, contamination of the oil with particles that 
can be formed, for instance, in conjunction with triggering the device and that clog valves, 
filters, and disturb or interfere with the function of the device, and so on. 

There is therefore a certain risk that this known device will malfunction when triggered. 
Malfunctioning of the device would mean that the mutually interacting surfaces would not 
be separated sufficiently and that insufficient oil would be pressed in between the 
interacting surfaces. The malfunction may then cause a very high torque to be transferred 
via the device in spite of everything else, therewith resulting in damage to the motor and 
driven equipment for instance, and also such as to cause serious damage to the coupling 
device itself. Particularly with a view to the consequence of such a malfunction (compare 
the idling cost), the type of device concerned has not found particularly wide use in 
practice, despite the ability of the device to enable automatic and fast resetting with normal 
triggering of the device, and thereby a fast return to plant operation after having removed 
or rectified the triggering cause. 

An object of the invention is to provide a further development of the device for limiting the 
effect of a device malfunction, and thus limit the temporary shutdown time required for the 
arrangement to reset the device subsequent to a malfunction occurring when the device is 
triggered as a result, for instance, of insufficient oil being pumped in between the mutually 
interacting surfaces of the device. 

This object is achieved with a device according to Claim 1. 

Further embodiments of the device will be apparent from the accompanying dependent 
Claims. 



WO 01/31219 PCT/SE00/02101 

Whereas the interacting surfaces of the conventional device are comprised of lightly 
alloyed carbon steel that has been nitrogen case hardened to a depth of about 0.3 mm and 
has a hardness of about 700 Vickers, it is now proposed in accordance with the invention 
that one of said parts carries a surface layer which defines one of the interacting surfaces 
and which is comprised of a material that has a substantially lower plasticizing limit than 
the interacting surface of the other part. The surface layer may have a thickness of some 
millimetres, for instance 5 mm, and may, for instance, be comprised of a tin-copper alloy 
of the tombak kind, i.e. 90% Cu, 10% Sn, 1% Pb, for instance. Such an alloy has an elastic 
limit of about 100 N/m 2 . The surface layer may also include cavities in the form of grooves 
on its free surface. These grooves are able to form liquid distribution channels for the 
bearing function. Alternatively, the cavities in the outer layer may contain other recesses or 
hollows. The reason for these cavities in the surface layer is to ensure that the surface layer 
material, for instance when melting, has a volume that is smaller than the space between 
sleeve and shaft originally occupied by the surface layer. Because the plasticization is 
meant to eliminate the transmission of power between sleeve and shaft, the cavities in the 
surface layer will preferably be dimensioned to take into account the fact that the inner 
diameter of the sleeve decreases when relieved of load, and that the outer diameter of the 
shaft increases when the load on the shaft is removed, such that the space available for the 
surface layer will decrease. The layer material shall thus preferably have a net volume that 
is smaller than the volume for the space between sleeve and shaft after eliminating the 
radial stress therebetween, and also with respect to the temperature conditions when 
plasticizing or melting the surface layer (i.e. corresponding volume deviations in respect of 
the surface layer, the sleeve and the shaft) so that the sleeve is able in principle to rotate 
free from contact with the plasticized surface layer subsequent to relative rotation between 
the sleeve and the shaft. This reduces the risk of the surface layer material being supplied 
with energy in such quantities as to cause the material to melt as a result of relative rotation 
between the two main parts of the coupling device. 

Plasticization of the surface layer causes successive reduction in the liquid limit or yield 
stress of the surface layer material. This surface layer enables the torque that is transferred 
when the hydrostatic bearing function cannot be maintained to be limited. The power 
transmission between the input shaft of the coupling device and its output shaft can be 
monitored and stopped with the aid of external means, for instance by detecting a possible 
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difference in the speed between the input and output parts of the device, for limiting the 
relative rotation between said parts. 

The invention is effective in preventing damage to the driven equipment and also to the 
driving equipment, and also limits damage to the torque-limiting device. 

The coupling can be readily renovated subsequent to plasticization (melting of the surface 
layer), by heating said layer and that part (the shaft) that carries the surface layer. Because 
the surface layer is comprised of material (tombak) that has a high coefficient of thermal 
expansion, the layer will loosen from the base of said part (the shaft) and easily drawn off 
the shaft. A replacement surface layer in the form of a tombak-sleeve can be simply 
inserted into/pushed over the part concerned (10, 20) and fastened thereto by means of a 
glue joint, for instance, this joint being destroyed by the heat applied in the renovating 
process or in conjunction with plasticization of the surface layer. 

The invention will now be described by way of example with reference to the 
accompanying drawing. 

Fig. 1 is a schematic axial sectioned view of a torque-limiting coupling device. 

The device illustrated in Figure 1 is based fundamentally on the device according to WO 
90/00231, the teachings of which are incorporated in this document. 

The coupling device basically comprises a cylindrical trunnion 10 and a sleeve 20 that 
embraces the trunnion/shaft 10, said shaft 10 and sleeve 20 have respective flange 
connections 1 1 and 21 for connecting up a drive system, for instance a large electric motor 
and a roll belonging to a steel rolling mill. The sleeve 20 has an inner surface 22 that co- 
acts with an outer surface 12 on the shaft 10. There is included in the sleeve wall an oil 
chamber A that can be placed under pressure by pumping-in oil at a pressure, e.g., in the 
range of 0-50 mPa, to cause frictional engagement at the interface B between the mutually 
co-acting surfaces 12, 22. The frictional grip and the maximum torque that can be 
transferred are determined by the oil pressure in the chamber A. After pumping oil into the 
chamber A via a filling channel, a valve (not shown) in the channel (not shown) is closed. 
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The cylindrical part 20 includes a hub 30 which is mounted for rotation co-axially with the 
part 20. The hub 30 carries on its outside a bearing 5 which is eccentric with respect to the 
hub axle. A number of oil pumps 3 operate radially between the bearing 5 and an inner 
surface of said part. The pumps have associated channels 4 through which oil is pumped to 
the interface B, for instance to its longitudinal centre region. The oil spreads along the 
interface and can, for instance, be collected-up via a channel 41 at one end of the interface 
B and returned to the pump space. A quantity of oil may be enclosed internally in the pump 
space, so as to be sucked up by respective pumps immediately and pressed out to the 
interface B upon relative rotation between the parts 10, 20. The pumps 5 will be set into 
operation upon such relative rotation, owing to the eccentricity of the outer surface of the 
hub 30 (the eccentric position of the bearing 5 relative to the parts 10, 20). The part of the 
shaft 10 that co-acts with the sleeve 20 has a surface layer 50 of tombak (90% Cu, 10% Sn, 
1% Pb). The layer 50 has grooves 51 in its free main surface. The grooves 5 1 may also be 
utilised as oil distributing channels for distributing oil from the pumps 3. Oil is pumped 
from the pump 3 to the longitudinal centre region of the interface B, via the channel 40, 
and flows from there axially to both ends of the interface B, as shown by the arrows in the 
Figure. A flow of oil is transferred directly to the pump chamber, and an oil part-flow is 
collected via the channel 4 1 extending back to the oil pump chamber. 

There is located between the shaft 10 and the sleeve 20 a space which is filled completely 
by the layer 50, with the exception of the grooves 5 1 in said layer. The grooves 5 1 also 
serve to receive parts of the layer 50 that are plasticized as a result of relative rotation 
between the parts 10, 20. The surface 22 of the part 20 is comprised of steel and co-acts 
with the tombak surface of the layer 50. The tombak layer 50 is able to transfer the torque 
at normal torque. However, when the torque load exceeds the pre-set value, the steel 
surface 22 will begin to slide relative to the tombak layer 50. The friction heat and/or the 
relative movement causes the layer 50 to deform rapidly, as a result of plasticization or 
melting. The grooves 5 1 enable the material in the surface of the layer 50 to be displaced 
radially in a direction away from the surface 22. The net volume of the layer should be 
accommodated appropriately in the space between the sleeve and the shaft, subsequent to 
the sleeve and shaft having been relieved of load in a radial direction and in view of the 
state and temperature of the deformed surface layer. This reduces the risk of the material 
50 receiving so much energy as to cause the material to melt. The plasticization results in a 
successive reduction in the liquid limit of the material. Normally, the material 50 will not 
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pass into a molten phase. As a result of plasticization of the material 50 and the 
displacement of said material, the power transmission between the parts 10, 20 will be 
limited if the pumps 3 are not able to pump oil into the interface B. 

The frictional engagement between the shaft and the sleeve can, of course, be established 
with means other than pressurising the hydraulic chamber A as in the illustrated 
embodiment. For instance, the sleeve and the shaft may be conical and driven axially 
together so as to achieve a chosen frictional grip, i.e. a chosen upper torque transmission 
limit. When the sleeve and the shaft have pre-selected dimensions to achieve a given 
frictional grip, the grip can be achieved by so-called heat shrinkage or by press-fitting the 
sleeve to the shaft. When the frictional grip is eliminated, i.e. when the radial stress 
between shaft and sleeve is removed, the outer diameter of the shaft will increase and the 
inner diameter of the sleeve will decrease. The outer layer should therefore be dimensioned 
so that its net volume can be accommodated, with a given margin, in the space between the 
sleeve and the shaft when the friction joint has been eliminated, i.e. when the load on the 
sleeve and the shaft has been removed radially. Thus, by forming the outer layer 50 with a 
material that has a relatively low plasticizing limit, it is possible to trigger an initial 
rotation between the parts 10, 20 in the absence of an oil film therebetween, at a relatively 
low torque limit that, nevertheless, lies above the torque limit established by the friction 
grip between the parts 10, 20 as a result of the initial plasticization of the surface layer 
material. The material 50 can be said to form a lubricant in the interface between shaft and 
sleeve. When ensuring that the surface layer can be accommodated in the resultant gap 
between sleeve and shaft after having relieved the same of load in a radial direction, the 
transfer of energy to the material of the layer 50 is minimised, as is also the transmission of 
energy between the shaft and the sleeve. 

In order for the surface layer to be able initially to transfer energy between said two parts, 
on the one hand, and to collapse and take a state of considerable smaller radial thickness, 
on the other hand, the outer layer may also include other recesses or hollows additional to 
the functional grooves on its free surface, for instance pores or the like, in its initial state. 
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CLAIMS 

1 . A torque-limiting coupling device comprising two coaxial, generally cylindrical co- 
acting surfaces (12, 22) on two co-acting parts (10, 20) in the form of a cylindrical sleeve 
(20) and a cylindrical shaft (10) respectively, wherein the sleeve is in frictional 
engagement with the shaft for transmission of torque up to a limit that corresponds to the 
frictional engagement and at which the sleeve begins to rotate relative to the shaft, and 
further comprises at least one pump means (3) which, upon relative rotation between the 
sleeve and the shaft, is driven to pump liquid from a liquid storage to a gap (B) between 
the co-acting surfaces (12, 22), wherein means (41) are provided for carrying away liquid 
from the gap (B) so as to restore the frictional grip after having exceeded the torque limit, 
characterised in that one part (10) includes a base that has a surface layer (50) which 
defines one (12) of said co-acting surfaces and which is comprised of a material that has a 
plasticizing limit which is substantially lower than the plasticizing limit of the material in 
the co-acting surface (22) of the other part (20). 

2. A device according to Claim 1, characterised in that the surface layer (50) includes 
cavities (51) which enables said surface layer to move away from the co-acting surface 
(22) of said other part upon plasticization. 

3. A device according to Claim 2, characterised in that the cavities consist of grooves 
(50) disposed around the circumference and located on the co-acting surface of the surface 
layer. 

4. A device according to any one of Claims 1-3, characterised in that the surface layer 
(50) is comprised of tombak; and in that the co-acting surface of the other part is 
comprised of steel. 

5. A device according to any one of Claims 1-4, characterised in that said parts (10, 
20) are mutually tensioned radially to establish said friction grip. 

6. A device according to any one of Claims 1-5, characterised in that the surface layer 
(50) includes cavities which allow the surface layer to take a radial thickness that is smaller 
than the radial distance between the surface of the base and the co-acting surface (22) of 
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said other part (20) subsequent to plasticization and/or melting of the surface layer (50) and 
radially relieving the parts (10, 20) of load. 

7. A device according to any one of Claims 1-6, characterised in that the surface layers 
are comprised of a material whose coefficient of thermal expansion is higher than the 
coefficient thermal expansion of the base. 
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